Introduction
T he leading conceptual model describing the association between work environment and employee wellbeing is the demand/ control model, suggesting that the essential components of the psychosocial work environment are job demands and control over work. 1, 2 The demand/control model has been tested repeatedly, but most of the studies testing the model have been observational and based on self-reported data. Associations observed in such studies may reflect reporting bias rather than actual characteristics of work environment. [3] [4] [5] The most reliable study setting for drawing causal inferences is a randomized control trial. Because such trials may not always be feasible, various forms of quasi-experimental approaches have been developed. One form of quasi-experiment is an instrumentalvariable analysis in which objective exposures are used as proxy measures for self-reported variables. 6 A recent instrumentalvariable study of job demands and job strain used hospital ward overcrowding as an instrument for psychosocial risk factors 7 and found overcrowding to be a strong instrument for self-reported job demands but not for job control. Furthermore, overcrowding and job demands were both associated with sickness absence with a psychiatric diagnosis and the latter association was stronger but less precisely estimated (greater error variance) in the analysis which took into account only the variation in self-reported job demands that was explained by overcrowding (instrumental-variable analysis).
In the present investigation, we aimed at replicating and expanding the previous results by using staffing level (the ratio of staff to residents) in elderly care units as an instrument for selfreported psychosocial work-related risk factors and a number of wellbeing indicators as outcomes among elderly care personnel.
There are some assumptions behind the instrumental-variables analysis that vary with the specific problem 6 : first, in order for a variable (staffing level) to be an optimal instrument, it should influence the outcome only through its association with the exposure variable (job demands/job strain) of interest. In other words, there should not be a direct path (or a path mediated by a third variable other than the exposure) from the instrument to the outcome variable. Second, there should not be a shared common prior cause of the instrument and the outcome variable. Third, there should not be a path between the instrument and the set of unobserved confounding variables. We hypothesized that the relationship between self-reported psychosocial factors and wellbeing indicators, such as perceived stress, psychological distress and sleeping problems, would not be attributable to reporting bias. This hypothesis will be supported if differences in the levels of self-reported job demands and job strain, as predicted by objectively assessed staffing level, predict wellbeing indicators among employees.
Methods

Sample
This study is a part of a research project exploring the quality and costs of care and the employees' wellbeing in the context of Finnish elderly care. The organizations participated to the performance and quality benchmarking project 8, 9 and a project on psychosocial work environment, 10 a cross-sectional postal survey to assess employees' working conditions and job characteristics in 2008. The present study utilized three sources of data:
(i) Questionnaire survey to all of the care staff in participating units, collected in 2008 measuring factors, such as employees'
perceptions of organizational justice, job demand, job control and employees' socio-demographic status. (ii) The average case-mix information on residents of work units from RAI-database. Data on the units' modified case-mix were based on RUG-classification system for long-term care 11 and home care. 12 The data were obtained from the Finnish RAI benchmarking database (RAI-database, THL 2010). 8, 9 (iii) A separate questionnaire to head nurses of the units providing information on staffing in 2008.
Data on units' structural factors, such as staffing level and in-patient days were gathered through separate questionnaires at the unit level.
In the case of insufficient information, the questionnaires were completed through phone calls. The employee questionnaires (dataset 1) were sent to 2348 employees of whom 1545 responded (66%). All respondents whose work unit could not be identified (e.g. employees working in two or several units) or were working in administration, cleaning tasks, kitchen, etc. were excluded from the data. The final data consisted of 1525 employees aged 18-69 years (Mean = 42.9, SD = 12.0). Of the sample, 11% had degree-level education (registered nurses), 83% secondary-level education (practical nurses) and 6% had no education or only short course (nursing assistants).
Staffing level
Staffing level was measured as the ratio of the number of nursing staff (registered nurses, practical nurses and nursing assistants who participated in the direct care work) to the number of residents.
Case-mix
Case-mix information was measured by a modified case-mix index (CMI) based on RUG-III-classification system for long-term institutional care and home care. 9 The CMI reflects the relative resources needed to care for different patient groups based on measurement of staff time. The mean of patients CMIs was calculated for each work unit.
Psychosocial factors at work
We used Job Content Questionnaire, 2,13 the established survey instrument to assess job demands (three items, Cronbach alpha = 0.78) and job control (nine items, alpha = 0.63). The response format was a five-level Likert-type scale. We calculated the mean score of the items for each employee (range 1-5 in both scales). Job strain was constructed by dividing job demands by job control. 14 The mean of job strain was 1.01 (SD = 0.45) and ranges from 0.2 to 5.0.
Wellbeing indicators
Perceived stress
The participants were asked to indicate their experienced stress with one question. The question refers to the general experience of stress, not to work-related stress, as follows: 'Stress means a situation in which a person feels tense, restless, nervous or anxious or is unable to sleep at night because his/her mind is troubled all the time. Do you feel this kind of stress these days?' The response is recorded on a five-point Likert scale varying from 'not at all' to 'very much'. This measure has previously been shown to have satisfactory content, criterion and construct validity in population studies. 15 The mean in the present study was 2.48 (SE = 0.26, range 1-5).
Psychological distress
Psychological distress was measured using the 12-item General Health Questionnaire (GHQ). The respondents rated how much they were affected by each of the 12 listed symptoms of psychological distress over the previous few weeks (1 = 'not at all', 2 = 'the same as usual', 3 = 'rather more than usual' or 4 = 'much more than usual'). GHQ score (range 1-4) was the mean of all items. The 12-item GHQ has been shown to produce results comparable to the longer versions of GHQ. 16 The mean in the present study was 2.00 (SE = 0.01).
Sleeping problems
Sleeping problems were measured using the four-item Jenkins Scale: 'How often in the past month did you: (1) have trouble falling asleep? (2) Wake up several times per night? (3) Have trouble staying asleep (including waking far too early)? and (4) Wake up after your usual amount of sleep feeling tired and worn out?' These items measured three components of sleeping problems: item 1 sleep onset problems, items 2 and 3 sleep maintenance problems and item 4 un-refreshing sleep. Responses were given along a six-point scale from 1 = not at all to 6 = 21-31 nights per month. Overall mean score was used in the analysis. The mean in the present study was 2.56 (SE = 0.03, range 1-6). This scale has been shown to offer good internal consistency and predictive validity.
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Covariates
The following covariates were included: age, sex, length of employment contract, smoking status, alcohol consumption, body mass index (BMI) and CMI. We used standard questionnaire measures to assess smoking status (yes/no), high alcohol consumption and BMI (based on self-reported weight and height). The respondents reported their habitual frequency and amount of beer, wine and spirits intake. This information was transformed into grams of absolute alcohol per week. One unit of pure alcohol (12 g ) is equal to a 12-cl glass of wine, a single 4-cl measure of spirits or a 33-cl bottle of beer. These covariates are among the risk factors that have shown to be potential confounders or mediators of the association between psychosocial factors at work and wellbeing.
Data analysis
We assessed the associations of job demands, job strain and staffing levels with baseline covariates by using 2 test and analysis of variance. The robust estimation method, which takes into account the non-independence of person observations of the same participant, was used to calculate standard errors. 18 The strength of the staffing level as an instrument for job demands/job strain was assessed on the basis of the F-value derived from first-stage regression analyses. F-values higher than 10 indicate a sufficiently strong instrument to be used in instrumental-variables regression. The exogeneity of the instrument was tested by using Wald test. Using regression analysis, we examined associations between wellbeing indicators and those psychosocial factors for which staffing level provided a sufficiently strong instrument.
In elderly care, there may be large variation in the patient/client characteristics that may be more or less strenuous and demanding for the personnel. The length of employment is closely associated with expertise and efficient coping strategies at work and has been shown to associate with stress and burnout among nurses. 19 Health behaviours have shown to be the most evident and robust mediators and confounders in the associations between environmental demands and health problems. 20 Therefore, all analyses were adjusted for age, sex, case-mix, length of employment, education and health behaviours. The descriptive statistical analyses were performed using SAS 9.2 software and the instrumental analyses using STATA 10 software with ivreg procedure.
Results
The mean age of the participating nurses was 43 years (table 1) . Employment contract, sex or smoking was not associated with unit staffing level or any of psychosocial risk factors. Longer employment was associated with job demands, but not with job strain, whereas occupational training was associated only with job strain. Case-mix was associated with unit staffing level, and both psychosocial risk factors. BMI was associated only with staffing level. Unit staffing level was strongly and negatively associated with both job demands and job strain. Staffing level was associated with perceived stress (B = À0.53, P = 0.011), psychological distress (B = À0.26, P = 0.008) and sleeping problems (À0.52, P < 0.001) and none of these associations were attenuated when adjusted for case-mix (B ranges from À0.65 to À0.30 and all P-values <0.01).
The unit staffing level provided a strong instrument for job demands (range of F = 21.47 -21.75) and for job strain (range of F = 13.05 -13.59). Similarly, the Wald test of exogeneity was significant for job demands ( 2 (1) = 4.34, P = 0.037-2 (1) = 6.58, P = 0.010) and for job strain ( 2 (1) = 4.20, P = 0.040-2 (1) = 5.93, P = 0.015). Staffing level, job demands and job strain together explained 8% of the variation in perceived stress, 11% of the variation in psychological distress and 5% of the variation in sleeping problems.
As shown in table 2, lower staffing level and higher self-reported job demands or job strain were associated with increased risk of perceived stress. The associations between these psychosocial risk factors and perceived stress were stronger, but less precisely estimated, in the instrumental-variables analysis which took into account only the variation in self-reported job demands and job strain that was explained by unit staffing level. Based on unadjusted instrumented model, the estimated associations (betacoefficients) were 0.59 (SE 0.27) and 1.47 (SE 9.71) between psychosocial factors and perceived stress. The corresponding figures in non-instrumented models were 0.28 (SE 0.03) and 0.56 (SE 0.05). Repeating the analyses with psychological distress (GHQ) as the outcome produced somewhat smaller, but similar associations (table 3) . The findings were little affected by additional adjustment for baseline characteristics. When sleeping problems were used as the outcome, the instrumented models did not produce significant associations (table 4) .
Discussion
In this cohort of 1525 nurses, high self-reported job demands, job strain and working in a unit with low staffing levels (objectively assessed ratio of staff to residents) were associated with all three wellbeing indicators used in the study. In instrumental-variables analyses, the association between psychosocial risk factors and perceived stress and psychological distress remained when only the variation in psychosocial risk factors that was attributable to objectively assessed staffing level was taken into account. These findings provide further evidence that supports the status of excessive self-reported job demands and job strain as valid and causal risk factors for psychological problems. The clinical significance of the job strain measure has recently been evaluated in a study using a very large dataset pooled from the leading European studies. This individual meta-analysis suggested that those with high job strain were at 23% higher risk of cardiovascular heart disease compared with those with low high strain. 21 We are aware only of one previous study in this area. Our results are largely in line with an instrumental-variable analysis of hospital employees 7 showing that job demands, but not job control, were associated with sickness absence with a psychiatric diagnosis when using patient overcrowding in a hospital ward as an instrument. In that study, job strain variable was not tested. In many previous studies not using instrumental-variables analysis, reporting bias has been addressed by adjusting for personality characteristics, negative affectivity and other factors. 22 This approach is problematic as the assessment of these covariates is based on self-reports and thus, subject to reporting bias. Analyses based on an objectively assessed instrument are largely protected against this specific bias. Other strengths of the present investigation include a homogenous study sample, which reduced confounding due to variation in demographic factors, such as socioeconomic position.
One of the assumptions of instrumental-variables analysis is that the instrument should affect the outcome only through the exposure of interest. If the instrument has a direct effect on the outcome or an effect mediated through other factors besides the exposure of interest, the instrumented analysis may overestimate for the effect of the exposure. This methodological assumption is empirically unverifiable. In our analyses, the stronger association between job characteristics and outcomes in the instrumented compared with standard regression implies that there may be some environmental confounders that attenuate this association in observational data. Given the imprecision of estimation in the instrumental-variables approach, the point estimates from these analyses need to be interpreted with caution. However, theoretically it may difficult to detect more appropriate measure of human resources within a work place when other features of work load, such as case-mix, were taken into account. Perfect instruments are difficult to detect and even in Mendelian randomization studies that use genetic instruments for physical health risks, such as excess body weight. 23 It is also possible that low staff ratio influence wellbeing outcomes through other variables than job demands or job strain. However, the strongest evidence supports the mediating role of the job strain dimension compared with other factors such as task clarity. 21 It is also possible that the associations are confounded by, for example, the economic situation of the organization, where downsizing causes both the low staff ratio due to tightened economy and a fear of job loss that causes stress-related outcomes. However, during the data collection there was a serious shortage of elderly care personnel and fear of unemployment not a serious source of stress for the study participants.
In the present study, unit staffing level was a strong instrument for self-reported job demands and job strain. Thus, it is not probable that there would have been systematic difference of high number of people with high stress vulnerability between high and low staffing level units. Such difference would have compromised staffing levels as a strong instrument because individuals with such vulnerability are likely to overestimate rather than underestimate job demands and job strain.
As is almost always the case with instrumental-variable analysis, the instrumented regression was estimated with less precision than the ordinary regression. This is because the former is based only on variation in the exposure variable that is related to the instrument variable. Although the instrumented coefficients were larger than the ordinary coefficients, the confidence intervals of the instrumented estimates were overlapping with the ordinary point estimates, suggesting no statistically significant differences between the models. Thus, while the instrumented models yielded less confounded estimates for the association between job strain and stress, the ordinary regression models provided more precise effect size estimates.
In both instrumented and non-instrumented analyses, the association between psychosocial factors and wellbeing indicators remained after adjustment for a number of baseline characteristics, including factors related to life style and the work place. Selfreported psychosocial factors and objectively assessed staffing level were associated with potential confounding factors in a different manner. Staffing level was not associated with age, occupational training or length of employment whereas job demands or job strain were. Therefore, convergent evidence from the instrumental and standard analyses increases credibility of the interpretation that the findings are not confounded. Finally, it is important to recognize that the outcomes we used were also self-reported, although all of them have previously shown to be clinically significant. Psychological distress has been associated with objectively measured health outcomes, such as cardiovascular heart disease (CHD) morbidity and mortality. 1, 24 Psychological distress measured using the 12-item or even shorter version of GHQ has also shown to be a strong predictor of diagnosed major depressive episodes with acceptable sensitivity and specificity. 25 Sleep disturbances measured using the short Jenkins sleeping problems scale have predicted increased risk of sickness absence due to mental disorders. 26 The single item stress measure has predicted burn out, doctor diagnosed health problems and mental health problems. 27 Case-mix reflects the average care intensity that is needed among a specific group of patients. Higher case-mix means more time and effort from the personnel and thus probably also more job demands. In the ward with more patients that need intensive care usually also have more resources. Thus, it was expected that higher case-mix was also associated with unit staffing level, job demands and job strain.
In sum, these analyses provide further evidence for a causal interpretation rather than confounding in the observed association between self-reported psychosocial risk factors, such as job demands and job strain and employee wellbeing.
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Key points
Psychosocial health risks are difficult to measure without reporting bias. Instrumental-variables analyses offer one way of evaluating the causal role of psychosocial factors. Efforts to reduce excess job demands and job strain should be encouraged.
